Introduction
Cancer, caused by complex factors including genetics and environment, as well as by the interactions between these two factors, is a severe global public-health problem. 1, 2 DNA damage may lead to human cancer, while DNA repair pathways such as mismatch repair (MMR) in mammals may play a role in repairing such damage. 3, 4 Genetic variations in DNA repair genes may influence repair efficiency and alter cancer risks.
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chen et al influence of the genetic variants on the repair efficiency of the MMR system and cancer susceptibilities, many studies have assessed the relationship between Exo1 polymorphisms and cancer risks.
To date, three single-nucleotide polymorphisms (SNPs) of the Exo1 gene -Pro757Leu (rs9350, C/T) at exon 13, Glu589Lys (rs1047840, G/A), and Glu670Gly (rs1776148, A/G) at exon 11 -have been the most widely investigated in epidemiological studies. [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] Not all of these studies, however, reached the same conclusion, which may be partly due to the limitations of individual studies. Therefore, we carried out this meta-analysis of all eligible case-control studies to draw a more reliable conclusion of the association between Exo1 polymorphisms (Glu589Lys, Pro757Leu, and Glu670Gly) and cancer susceptibility.
Materials and methods
Study identification and inclusion criteria
We searched the PubMed and EMBASE databases for relevant studies (last search was updated on August 5, 2015) . Without applying search filters, the following keywords were used for the literature search: (Exo1 or "Exonuclease 1"), (cancer or carcinoma or tumor or neoplasm), and (polymorphism or variant or variation or mutation). Furthermore, the references in the retrieved articles were also manually screened to ensure that no relevant publication was missed.
All studies used in our meta-analysis were carefully examined to meet the following criteria: case-control studies conducted on human subjects, with full text articles that investigated the association between cancer risk and at least one of three Exo1 gene polymorphisms (Pro757Leu, Glu589Lys, or Glu670Gly). Another requirement of these studies was the inclusion of an odds ratio (OR) with 95% confidence intervals (CIs) or the provision of sufficient raw data to calculate these measures. A request letter for the original genotype frequency data was sent to the corresponding author when such data were unavailable in relevant articles. If studies had overlapping data, only the more complete study was used.
Data extraction
Two investigators collected the following items from each eligible study, independently: name of the first author, year of publication, ethnicity, country, cancer types, genotyping method, source of controls, numbers of cases and controls, genotype frequency of cases and controls, and the demographic data -if available -including smoking status.
statistical analysis
This meta-analysis was performed for a recessive model (aa vs Aa+AA, where "A" was the major allele and "a" was the minor allele), dominant model (aa+Aa vs AA), homozygote comparison (aa vs AA), heterozygote comparison (Aa vs AA), and additive model (a vs A). We used ORs with 95% CIs to evaluate the strength of association between Exo1 polymorphisms and cancer risk, while pooled ORs were obtained by calculating a weighted average of OR from each study. 31 Between-study heterogeneity, measured by a Q-statistic test 32 and I 2 statistic, 33 was assessed to determine whether a fixed-effects or random-effects model should be applied. When the P h value of the Q-test is smaller than 0.05, which indicated a significant heterogeneity among the studies, a random-effects model 34 was used to calculate the pooled ORs; otherwise the fixed-effects model 35 was used. Subgroup analyses were performed by ethnicity, source of controls, cancer types, and smoking status to explore the effect of heterogeneity among the studies. Univariate metaregression analysis was used to further clarify the potential reasons for heterogeneity (P,0.05 was considered significant). 36 Studies were split into large sample size or small sample size using the cut-point of 600 participants. By sequentially omitting each study, sensitivity analysis was used to assess the stability of the results. Begg's funnel plot and Egger's linear regression test were carried out to estimate the potential publication bias, graphically and statistically, and P,0.05 was considered significant. 37 A goodness-of-fit χ 2 test with 1 degree of freedom was applied to assess the Hardy-Weinberg equilibrium (HWE) in controls and a value of P,0.05 was considered as a significant disequilibrium. We used the software program STATA (version 12.0; StataCorp LP, College Station, TX, USA) for all the statistical analyses in this meta-analysis.
Results
extraction process and study characteristics
On the basis of the inclusion criteria, 17 publications were preliminarily identified as eligible. [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] 38 Among these, the study conducted by Yoshiya et al 38 was excluded because the data were the same as those for the earlier study by Yamamoto et al. 15 Thus, 16 articles were included in the final metaanalysis. [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] Table 1 summarizes the main characteristics of the selected studies, while Figure 1 shows the study selection process. The genotyping data in the study by Jin et al 19 were only analyzed in the additive genetic model because the data were limited. In addition, the data from Tang et al's study 30 OncoTargets and Therapy 2016:9 submit your manuscript | www.dovepress.com
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association between three exonuclease 1 polymorphisms and cancer risks were genome-wide association study data. In the pooled analyses, we included 4,093 cases and 3,834 controls from 10 studies for the Pro757Leu polymorphism, 6,479 cases and 6,550 controls from 12 studies for the Glu589Lys polymorphism, and 3,700 cases and 3,496 controls from 7 studies for the Glu670Gly polymorphism. Of these, six were studies of Caucasians, nine were studies of Asians, and one was a study of mixed population, while four were population based and ten were hospital based. In addition, there were three lung cancer studies, 16 Table 2 lists the genotype distribution and allele frequency of Exo1 polymorphism among cancer cases and controls and the P-value of the HWE in the controls.
Meta-analysis results
The main results for the three Exo1 polymorphisms of this meta-analysis are listed in Figure 2 ), but not among Caucasians. In the subgroup analysis by source of controls, a significant association was found between the Pro757Leu polymorphism and a reduced Figure 3 ), but not in nonsmokers.
In terms of the Exo1 Glu670Gly polymorphism, no evidence was found for an association between the Glu670Gly polymorphism and cancer risk for all genetic models (Table 3) . Furthermore, the results in the subgroup analyses by ethnicity, source of controls, and cancer types revealed no association, either.
Test of heterogeneity
The heterogeneity test showed that no significant heterogeneity was found for the Pro757Leu and Glu670Gly polymorphisms in all comparisons (Table 3 ). However, there was significant between-study heterogeneity for the Exo1 Glu589Lys polymorphism in all genetic models (Table 3) . Subgroup analysis was performed to explore the potential sources of heterogeneity. After patients were stratified by ethnicity, no heterogeneity was found in the Asian population, which indicated that ethnicity may contribute to substantial heterogeneity for the Glu589Lys polymorphism. A series of univariate meta-regression analyses under all genetic models, with the covariates of ethnicity, publication year, sample size, and HWE, showed that only ethnicity had a significant influence on heterogeneity (recessive model: P=0.029; dominant model: P=0.035; homozygote comparison: P=0.032; and additive model: P=0.004; Table 5 ).
sensitivity analysis
Sensitivity analysis was performed to assess the influence of each individual study on the pooled ORs. The results showed that the conclusions of this meta-analysis for the Glu670Gly polymorphism were relatively stable and credible because the overall ORs were not influenced excessively by omitting any single study (data not shown). However, the conclusions for the Pro757Leu and Glu589Lys polymorphism were not sufficiently stable. While excluding any one of the three studies, 17, 22, 23 the pooled ORs for the Pro757Leu polymorphism changed and the result became negative in all genetic models, indicating that the results were relatively unstable. In terms of the Glu589Lys polymorphism, when the study by Chang et al 18 
Publication bias
The publication bias of the literature was assessed by both Begg's funnel plot and Egger's test. The shapes of the funnel plots for each polymorphism showed no obvious asymmetry (Figure 4 
Discussion
Our meta-analysis is the first study to investigate the association between Exo1 Pro757Leu and Glu670Gly polymorphisms of Exo1 and cancer susceptibility, and also the largest and most comprehensive assessment of the relationship between the Glu589Lys polymorphism and cancer risk. In our study, we conducted an analysis that included 10 studies relating to the Pro757Leu polymorphism (4,093 cases and 3,834 controls), 12 studies relating to the Glu589Lys polymorphism (6,479 cases and 6,550 controls), and 7 studies relating to the Glu670Gly polymorphism (3,700 cases and 3,496 controls). The final results showed that Pro757Leu conferred a protective effect against cancer, and the Glu589Lys polymorphism was associated with an increased cancer risk, but the Glu670Gly polymorphism was not statistically significantly associated with cancer risk. Interestingly, stratified analysis by ethnicity indicated that, among Asians, the Pro757Leu polymorphism was associated with a reduced risk of cancer under the dominant model, heterozygote comparison, and additive model, whereas the Glu589Lys polymorphism was significantly associated with increased cancer risk under all the genetic models. The differences between Asians and other races may be partly due to the different genetic backgrounds and environments or lifestyles. 39 The Leu allele frequency of the Pro757Leu polymorphism among the controls in the Asian population was 43.7% (95% CI =42.5%-44.8%), which was significantly higher than that negative correlation between the Leu allele of the Pro757Leu polymorphism and colorectal cancer risk. However, this result should be interpreted with caution because only three studies (728 cases and 768 controls) were included in the analysis. Moreover, subgroup analysis was also performed under smoking conditions for the Glu589Lys polymorphism. The results showed that the Glu589Lys polymorphism was significantly associated with an increased cancer risk in smokers, but not in nonsmokers, which indicated that cigarette smoking can cause DNA damage and influence the DNA repair activity, which then alters the cancer risk. There was no evidence for an association between the Glu670Gly polymorphism and cancer risk in subgroup analyses based on ethnicity, source of controls, and cancer types. In the future, larger well-designed studies will be needed to validate these associations. In this study, there was significant heterogeneity between studies relating to the Glu589Lys polymorphism, but not to the other two polymorphisms. To explore the sources of heterogeneity, studies were classified according to ethnicity, source of controls, cancer type, and sample size. The results showed that the heterogeneity was significantly reduced in the Asian population subgroup, which indicated that ethnicity could partly explain the source of heterogeneity. The studies for the Caucasian population yielded different results, with high heterogeneity, revealing the necessity for further study. Likewise, the metaregression analysis identified ethnicity as an important contributor to heterogeneity. Furthermore, the sensitivity analysis showed that the study by Chang et al 18 could have an influence on the overall results for Glu589Lys polymorphism because it was the only study to reveal that the Glu589Lys polymorphism was significantly related to reduced cancer risk. Although the three studies by Kim et al, 17 Tsai et al, 22 and Wang et al 23 may affect the overall results for the Pro757Leu polymorphism, none of the studies led to a change in conclusions for the Asian population, indicating that the results for the Asian population were relatively stable and credible. Additionally, the overall results for the Pro757Leu and Glu589Lys polymorphisms were dominated by the conclusions for the Asian population, which indicated that ethnicity was an important factor in Exo1 SNPs and should be carefully considered in future studies.
Many previous studies have investigated the association between the Pro757Leu polymorphism and cancer risk. Studies performed by Yamamoto et al, 15 Kim et al, 17 and
Haghighi et al 25 revealed that the Leu/Leu genotype is associated with reduced risk of colorectal cancer in Asians, which concurred with our results of subgroup analysis on ethnicity and cancer types. However, the results of some studies differ from our own results, [19] [20] [21] [22] which may be attributed to the limitation of sample size. Similarly, in terms of the Glu589Lys polymorphism, the studies for the Asian population uniformly showed that individuals with the Glu/Lys or Lys/Lys genotypes had a significantly increased cancer risk, including an increased risk of lung, gastric, breast, oral, and cervical cancer, which concurred with our own conclusion. [19] [20] [21] [22] [23] 28 Moreover, some other studies found no statistical association between the Glu589Lys polymorphism and cancer risk in the Caucasian population, which was also in line with our own results for Caucasians. 16, 26, 30 In terms of the Glu670Gly polymorphism, we found no significant association with cancer risk, which was consistent with the results of previous studies. [18] [19] [20] [21] [22] [23] 26 Interestingly, Bayram 41 and Duan et al 42 have conducted meta-analyses to identify whether there was any evidence of a relationship between the Exo1 Glu589Lys polymorphism and cancer susceptibility. Their conclusions could be considered to be inconsistent, which may be partially attributable to the relatively small sample size. The meta-analysis by Bayram 41 showed that the Glu589Lys polymorphism was not associated with overall cancer susceptibility, which contrasted with our own results. However, we found that the data reported by Bayram 41 from the studies by Wang et al 23 and Ibarrola-Villava et al 26 were not the same as the original data. Another recent meta-analysis by Duan et al 42 concluded that the Glu589Lys polymorphism was significantly associated with increased cancer risk in all genetic 16, 26, 29, 30 were not included in the meta-analysis by Duan et al, 42 while the study by Jin et al 19 was excluded because their controls deviated from the HWE. Compared with the previous study, five additional studies 16, 19, 26, 29, 30 with 3,528 cases and 3,449 controls in total -were included in our meta-analysis, from which more solid evidence could be provided on the association between the Glu589Lys polymorphism and cancer risk.
Some limitations of our meta-analysis should also be considered when interpreting the results. First, there was an insufficient number of studies collected in this analysis to explore a true association between Exo1 polymorphisms and cancer risk, especially in terms of the stratified analyses.
Second, owing to lack of original data, an evaluation of gene-gene, gene-environment, and different polymorphism loci interactions, which may alter cancer risk, could not be carried out in our study. In fact, the study conducted by Yamamoto et al 15 had studied the combined effects of two SNPs of Exo1 on cancer risk. Third, serious confounding bias may exist because we calculated only unadjusted ORs; other risk factors such as age, sex, smoking status, and other variables were not adjusted. A more precise analysis should be conducted if more detailed personal data are available. Fourth, we used only published and English articles, which may bias the results, although the funnel plot and Egger's test did not indicate remarkable publication bias. Despite the limitations, the advantages of this meta-analysis should also be acknowledged. First, the statistical power was significantly 
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association between three exonuclease 1 polymorphisms and cancer risks increased. Second, the studies included in this meta-analysis were satisfactory and met the inclusion criteria.
In conclusion, the results from this meta-analysis suggest that the Exo1 Pro757Leu polymorphism contributes to reduced cancer susceptibility, especially in the Asian population, hospital-based studies, and colorectal cancer. However, the Glu589Lys polymorphism was found to be statistically associated with an increased cancer risk in the Asian population, smokers, and hospital-based studies. In addition, no evidence of an association was found between the Glu670Gly polymorphism and cancer risks. In the future, well-designed and population-based studies with larger sample sizes are needed to clarify the association between these polymorphisms and the risk of cancer.
